Abstract-The main purpose of the present study was to examine whether mobile applications could be adopted as feasible tools for learning purposes at higher education institutions. Furthermore the study's intention was to conduct an empirical investigation into students' perceptions towards mobile applications being introduced as learning aids. The researcher developed a conceptual model derived from the technology acceptance model in order to measure the constructs used in the study. Adopting a quantitative approach, the field study was conducted in South Africa at a selected higher education institution. Research data was collected from 380 registered students at the selected higher education institution who were older than 18 years. Using SPSS 23 and AMOS 23 software programs, Structural Equation Modeling (SEM) was performed to analyse the data set. The results revealed that perceived usefulness, perceived ease of use, attitudes towards a mobile application, intention to use a mobile application were all significant predictors for the actual use of mobile applications for learning. The findings of the study illuminate the importance of the determinants of the adoption of mobile applications for learning in higher education.
Introduction
The advent of mobile education technologies into teaching and learning has given rise to both new opportunities and challenges to educators (Handal, El-Khoury, Campbell & Cavanagh, 2013) [21] .The rapid advance in broadband and wireless internet technologies has promoted the utilisation of wireless applications in our daily lives (Hwang, Yang, Tsai &Yang, 2009 ). Application software, also referred to as an application or an app, relates to a software designed to assist users in performing specific or various related tasks (Handal, El-Khoury, Campbell and Cavanagh, 2013) [21] . Advancement in mobile technology and learning applications have broadened the scope of learning areas outside of formal education by allowing flexible and instant access to rich digital learning sources (Cheon, Lee, Crooks & Song, 2012) [13] . Access to mobile online lectures can provide an opportunity for learning by students while commuting (Massey, Ramesh & Khatri, 2006) [37] . For example eSchoolBag, is a platform that allows students to download/upload homework, access class announcements and complete exercises, anywhere, anytime (Massey et al., 2006) [37] .
Education in particular has benefitted from technologies such as computers and the internet (Abdullah, [35] . An e-learning system is defined by Lee, Hsieh and Ma (2011) [32] as an information system that can integrate a wide variety of instructional elements through audio, video, and text delivered through live chat sessions, online discussions, forums, tests and assignments. The present study will primarily focus on the adoption of mobile applications as educational tools. The study used the Technology Acceptance Model (Davis, Bagozzi & Warshaw, 1989) [18] to examine the determinants of the adoption of educational mobile applications in higher education.
In numerous empirical studies (Ong & Lai, 2006 [42] ; Pituch & Lee, 2006 [45] ; Sánchez & Hueros, 2010 ) the utility and applicability of the Technology Acceptance Model (TAM) has been supported in a wide range of educational settings. Wang, Wiesemes and Gibbons (2012) [56] define mobile applications for educational purposes as learning tools used to gain knowledge through mobile devices. Mobile devices include mobile devices such as tablets and smartphones. Nonetheless, mobile devices facilitate mobile learning (m-learning) which involves a form of learning that makes use of mobile communication technologies that give students the capacity to continuously learn anywhere and anytime (Moreira, Santos & Durao, 2017) [41] . According to Rainie (2012) [46] over 60% of young adults aged between 18-29 years, own smartphones and use them for a variety of purposes such as, surfing the internet for information, texting , social networking and reading emails. This therefore reveals how significant a role smartphones play in young adult's lives. Smartphones and mobile apps have developed into an everyday staple in the lives of young people including Higher education students (Green, Cantu & Wardle, 2014 [20] ; Moreira et al., 2017) [46] .
Problem investigated
The South African higher education landscape is faced by a plethora of challenges which include transformation, student unrests and poor student graduation rates (Barkhuizen, Rothmann & Van de Vijver, 2013 [6] ; Barkhuizen & Rothmann, 2006 [5] ; Letseka & Maile, 2008 [34] ). Mobile applications have the potential to positively support teaching and learning in higher education institutions by providing universal communication, study aids and flexible location-based services for learners (Cheon et al., 2012) [12] . Moreover, the higher education landscape is particularly suitable for the integration of student centred mobile educational applications to be adopted because mobile devices have become ubiquitous on university campuses among both students and staff members in both developed and developing countries (Cheon et al., 2012 [12] ; Rogers, Palmer & Miller, 2017) . According to the International Telecommunication Union (ITU) (2015), seven billion people in the world have access to mobile devices coverage. Africa has the second largest and fastest growing mobile phone market in the world (ITU, 2015) . According to Phuangthong and Malisawan (2005) [44] , most researchers have focused on mobile applications, users' acceptance and the application of mobile learning in developed countries (Brown, Ryu & Parsons, 2006 [7] ; Liu, 2008 [36] and Chao and Chen (2009) [10] . However, limited research has explored the adoption of mobile devices to facilitate learning in higher education institutions within the African context (Kaliisa & Picard, 2017) [26] .
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Literature Review
Baker (2000) [4] considers reviewing current literature relevant to a research interest to be an essential initial step and basis for undertaking the research study. In an educational environment, students can utilise mobile devices to support their learning. Mobile devices , such as personal digital assistants (PDAs), mobile phones, or portable computers are increasingly being incorporated in learning activities by educators (Wu, Hwang, Tsai, Chen & Huang, 2011) [57] . This research focuses on problem solving in education utilizing technology, which echoes past research from Sediyono, Kristinawati and Paseleng (2018) [49] . In this respect, mobile technology, allows learning activities to be carried out inside and outside of the classroom (Wu et al., 2011) [57] . Researchers have established that what really matters is students being able to access the right educational resources at the right time in the right place (Shih, Chu & Hwang, 2011[51] and Wu et al., 2011) [57] .
As a form of learning, mobile learning involves learning, which is facilitated by mobile devices. Mobile learning provides continuous opportunities to extend spaces and times for learning by learners (McCaffrey, 2011) [38] .
There are four types of learning approaches that can be supported by mobile devices, namely:
• Individualized learning • Situated learning • Collaborative learning • Informal learning Through individualized learning, mobile learning allows students to pace themselves as they learn and acquire knowledge. On the other hand, situated learning occurs when students utilize mobile devices to learn within a real life context. Collaborative learning occurs when students utilize mobile devices to interact and share knowledge with other students. Finally, informal learning occurs when students are able to utilize their mobile devices out of the classroom setting at their convenience (Wu et al., 2011) [57] . Several studies focusing on the use of mobile devices to facilitate learning have provided empirical evidence supporting the effectiveness of mobile devices in the learning process. For example, in a study conducted by Hwang, Yang, Tsai and Yang (2009) [24] mobile and wireless communication technologies were used in a Chemistry course to train students on the operating procedure of the single-crystal X-ray diffraction experiment. In this vein, mobile applications have been reported to facilitate learning activities, which include, sharing of information, robust debates and the discussions of important topics.
The potential benefits of mobile applications as learning tools has received extensive support in terms of being cost saving, ubiquitous, and convenient (Cheon et al., 2012) [12] . According to Young (2011), mobile applications on mobile devices can be used as study aids that can be easily accessed by learners when they are at home during any time of the day.
The characteristics of mobile devices are three fold:
• Portability -mobile device can be taken to any location because of their size • Instant connectivity -because of the wide spread accessibility of the internet mobile devices can be used to access any information instantly • Context sensitivity -with regard to the availability of the internet, any use of mobile devices can be tracked and measured to gather necessary data and information (Churchill & Churchill, 2008 Recent research showed that 67% of students' smartphones and tablets are reportedly being used for academic purposes (Chen & Denoyelles, 2013) [11] . Research also indicates that most students use mobile devices for academic applications including university applications (such as, UCF mobile, Tegrity, Mobile learn), educational application (such as, Flash cards, Khan Academy and iTunes U), e-books (such as, Course Smart and Inkling), Google and Safari for accessing information (Chen et al, 2012 ) [11] .
The following sections in the paper will comprise of the theoretical grounding underpinning the study, research objectives, hypotheses, research methodology, findings/results, managerial and academic implications, conclusions and lastly suggestions for future research.
Theoretical grounding
For the purpose of this study the theoretical grounding will be guided by, the Technology Acceptance Model [18] , Theory of Planned Behaviour (Ajzen, 1991) and the Theory of Reasoned Action (Ajzen & Fishbein, 1975) . These theories were be used to explain students' behaviour towards the adoption of mobile applications as learning tools. Moreover, this study will add to our understanding of theory through the application of the aforementioned theories within the African higher education context to comprehend the adoption of mobile applications as learning tools.
Technology Acceptance Model: The technology acceptance model (TAM) proposed by Davis (1989) [17] is the most widely used and recognized theory for explaining an individual's acceptance and adoption of information technology (Lee, Hsieh & Hsu, 2011) [32] . TAM determines user's attitudes and recognises the role of perceived ease of use (PEOU) and perceived usefulness (PU) in the comprehension of user's acceptance of information systems (Min, [55] . Increasingly, TAM has been used as an explanatory tool in investigating m learning amongst students. In a study conducted by Park, Nam and Cha (2012) [43] it was found that the TAM is an acceptable model to explain student's acceptance of m learning. TAM highlights the importance of two key dimensions, namely, Perceived Usefulness (PU) and Perceived Ease of Use (PE). In this vein, PU represents the extent to which individuals believe that technology will aid them in achieving their intended outcomes. On the other hand, PE denotes the extent to which an individual believes that adopting technology will ease and support their cognitive efforts (Park et al., 2012) [43] .
Theory of Reasoned Action: According to Tsai, Chen and Chien (2012) [53] the theory of reasoned action is widely used to explain human behaviour. According to theory of reasoned action (Ajzen & Fishbein 1975) [3] , intentions are the sole determinant of the behaviour (Sommer, 2011) [52] . According to the theory of reasoned action (Ajzen & Fishbein, 1975) [3] in order for an individual to fully engage in a certain behaviour, their behaviour is driven by their intentions.
Theory of Planned Behaviour: The theory of planned behaviour (TPB) is a theory intended to predict and explain human behaviour in specific settings (Ajzen, 1991) [2]. The theory of planned behaviour is an extension of the theory of reasoned action, which addresses the limitation of the theory of reasoned action in not accounting for behaviours in which individuals do not have complete voluntary control. Hence, the theory of planned behaviour has the additional component of perceived behaviour control has a determinant for behaviour intention (Ajzen, 1991) [2].
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Research Objectives
The main objective of the literature was to investigate the determinants of the adoption of mobile applications as learning tools by students in higher education.
Research Conceptual Model
In the conceptual model adapted from the TAM (Davis, Bagozzi & Warshaw, 1989) [18] , Theory of Planned Behaviour (Ajzen, 1991) [2] and the Theory of Reasoned Action (Ajzen & Fishbein, 1975) [3] , perceived usefulness, perceived ease of use, attitudes on mobile applications, intentions to use mobile applications and the actual use of mobile applications will be presented. Based on the conceptual model, hypotheses are developed for the present study. 
Hypotheses development
Perceived usefulness and Attitudes towards a mobile application: According to literature, perceived usefulness is a construct used to measure user's satisfaction with information systems (Calisir & Calisir, 2004) [15] . In empirical research, perceived usefulness has been identified as an important predictor for the adoption technology systems such as mobile payments, mobile commerce and mobile learning (Brown et al., 2006 [7] ; Chao & Chen, 2009) [10] . Furthermore, it is believed that if a particular technology system is useful in one's daily life and activities it will automatically change their attitudes towards it. Perceived usefulness is an important determinant for an individual's acceptance and usage of information technology, the features of the technology, and the targeted users acceptance of the technology. Within the educational context, perceived usefulness is noted to positively influence users' attitudes towards mobile application tools as learning and educational tools (Chen et al., 2012 [57] ; Moon & Kim, 2001 ) [40] . Kim and Woo (2016) [27] suggest that ease of use positively influences attitudes towards technology. Therefore, inferring from the literature and the abovementioned empirical evidence, the study hypothesises that H1: There is a positive relationship between perceived usefulness and attitudes towards mobile applications among higher education students.
Perceived ease of use and attitudes towards mobile applications: Perceived ease of use refers to the degree to which a particular user of a technology system views it as easy and with less effort to use ( [31] suggest that perceived ease of use can be seen as a moderate predictor of the intention to use technological devices as educational tools. However, Kim and Woo (2016) [27] argue that ease of use positively and strongly influences attitudes towards technology. Within the educational context, perceived ease of is noted as an important determinant for an individual to accept and adopt on information technology to aid in their learning (Moon et al, 2001 ) [40] . Therefore, inferring from the literature and the empirical evidence abovementioned, the study hypothesizes that:
H2: There is a positive relationship between perceived ease of use and attitudes toward mobile applications among higher education students.
Attitudes towards a mobile application and intention to use mobile applications: An attitude towards a behaviour relates to an individual's positive or negative feelings towards performing the behaviour (Cheon et al., 2012) [12] . Attitudes towards using technology positively and directly influences the behavioural intention to use that technology (Kim & Woo, 2016) [27] . Attitudes towards using and accepting technology are included as a key construct in TAM (Chang et al., 2012) . Therefore, deducing from the literature and the abovementioned empirical evidence, the study hypothesizes that:
H3: There is a positive relationship between attitudes towards a mobile application and the intention to use that mobile application among higher education students.
Intentions to use a mobile application and actual use of the mobile application Intention refers to an individual's motivation in his or her's conscious plan to exert effort to carry out behaviour (Eagly & Chaiken, 1993) [19] . According to Venkatesh and Davis (2000) [55] [23] on students and mobile applications has shown that students' behaviour towards adopting mobile learning tools is guided by reasoned conscious intentions towards the use of these mobile applications as learning tools. Drawing from TAM, Lee et al., (2013) [30] purport that a user's intention to adopt mobile applications is the most immediate predictor of the actual usage of the mobile applications. Therefore, inferring from the literature and the abovementioned empirical evidence, the study hypothesizes that:
H4: There is a positive relationship between the intention to use a mobile application and the actual use of that mobile application among higher education students.
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Research Methodology
Research design
The study utilised the positivist paradigm, a philosophy that is of the view that knowledge stems from human experience (Collins, 2010) [16] . A quantitative research approach was adopted for this study whereby a 28-item survey questionnaire was selfadministered to 380 research participants at a selected South African university. Convenience sampling was adopted to select the research participants (students), which involves selecting suitable participants who are willing to participate in the study (Collins, 2010) [16] . In the present study, due to the difficulty in obtaining suitable and willing research participants within the research setting, convenience sampling was deemed suitable as recommended by (Collins, 2010) [16] . Furthermore, drawing from the methodological precepts adopted by Cheon et al., (2012) [12] , data analysis through Structural Equation Modeling (SEM) was deemed suitable for the sample obtained through the convenience sampling process in the study. The data for the research in question was normally distributed therefore qualifying it for a SEM analysis as indicated in table 4 with standard deviation values ranging from 0,896 to 1,045 falling within the recommended threshold of -2 and +2.
Measurement instrument
The research constructs in the research instrument were developed and adapted from previous studies investigating similar phenomenon. The research instrument consisted of two sections namely; Demographic section and 5 point Likert scale type questions based on the research conceptual model. The Likert scale was measured from 1 = Strongly disagree; 3= Neutral; 5= Strong agree. In terms of data analysis SPSS 23 and AMOS 23, software programs were used to perform SEM.
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Results / Findings As indicated in table 1 above, female participants represented 43.7% of the total sample whereas male participants accounted for 56.3% of the total sample. In terms of the participants educational levels most of the participants had a high school qualification as indicated by 317 out of a total of 380 participants. Participants with a post-graduate qualification had the least representation as indicated by only 13 out of the total 380. The following section illustrates the inter-construct correction matrix of the study's constructs. The inter-construct correlation matrix was used to test for discriminant validity of the research constructs. Correlations among latent constructs were evaluated in order to observe if they were, lower than 1.0. As indicated in table 2 below, the inter-correlation values for all paired latent variables are below 1, therefore, implying that there is the presence of discriminant validity (Chinomona, Lin, Wang & Cheng, 2010) [13] . Below is table 3, which depicts the model, fit for the study's research data. It can be observed that all the model fit indices met the required thresholds. [13] . The RMSEA was 0.043, which fell below the recommended threshold of 0.08. Table 5 presents the results of the structural equation modeling followed by a discussion 
Discussion of hypotheses results
It can be observed in table 5 that all four hypotheses are supported.
• From the first hypothesis (H1) it can be noted that perceived usefulness positively and significantly affects attitudes as indicated by a factor loading of 0.64. This implies that the more participants perceive mobile applications as useful products the more positive their attitudes become towards them.
• In terms of the second hypotheses (H2) which is supported by the findings, it can be observed that the perceived ease of use of mobile applications for educational purposes leads to the development of positive attitudes towards those applications.
• It can be seen that for the third hypothesis (H3), attitudes on mobile applications positively and significantly second hypotheses influence the intention to use those applications for educational purposes as indicated by a factor loading of 0.88.
• Lastly for the forth hypothesis (H4) it can be noted that there is a positive relationship between the intention to use mobile applications and their actual use. This finding implies that the more the users' are motivated and intend to use mobile applications for educational purposes the more they will use and adopt the mobile applications.
Managerial and Academic Implications
The present study has both implications for academicians and managers in various ways. First, academicians would benefit significantly in understanding the acceptance and adoption of technology by students in their learning process. The study allows academics to gain insight of the interrelationships of the factors that influence the adoption of technology to facilitate learning by students. The study allows academics to ascertain the perceived usefulness of technology for learning by students within the South African context. The study can be used by Higher Education institutions within the South African context to facilitate learning through the use of technology platforms. From a marketing perspective, organizations that design online educational appliances can understand the factors that influence the adoption of online learning resources with Higher education institutions. Moreover, the findings of the study can aid organizations that develop online educational appliances to ascertain if their products would be viable in the market and the potential challenges they would face in launching those products.
Conclusion
The present study sort to investigate the determinants of the adoption of mobile applications by students at a selected Higher education institution. For purposes of the study, the Technology Adoption Model (TAM) adopted and adapted by the researchers. From the findings of the study it was found that student's attitudes towards the use of a mobile application was positively influenced by their perceived usefulness and perceived ease of use of the mobile applications. Attitudes positively influenced the student's intention to use the mobile applications. This research revealed that the use of a leaning application was well received by students reflecting the findings of (Zidoun, Talea, & Dehbi, 2016) [58] . Additionally, Yunita, Nursechafia, Setiawan, Nugroho and Ramadhan (2018) established that mobile phone usage in classrooms was significantly beneficial to students, further supporting findings of the present study in question. Finally, student's actual adoption of mobile applications for learning purposes were directly influenced by their intention to use the mobile applications.
Suggestions for Future Research
Future research could be comparison in nature and include using students from more higher education institutions in South Africa to ascertain if there is a difference in the adoption of mobile applications by students from different Higher education institutions. Moreover, future research can involve the adoption of a qualitative research design in which participant's would be interviewed to gain a deep understanding of their technology adoption behaviour. A longitudinal study could be adopted to ascertain the changes in the adoption behaviour of students of technology. More research participants including academic staff members can be included in future research. 
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